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SUPERSONIC LONGITUDINAL STABIILCTY CHARACTERISTICS O F  THE 

TWO FINAL STAGES O F  A FOUR-STAGE LAUNCH VEHICLE 

By Royce L. McKinney 

STJMMARY 

T e s t s  were conducted i n  t h e  Langley Unitary Plan wind tunnel  on the  t h i r d  
and four th  stages of the spacecraft-orientation-control-system (SOCS) launch 
vehicle  with a cone-cylinder nose. Two f i n  s i zes  and two shapes of  a small 
f a i r i n g  r ing  on t h e  nose were t e s t e d  a t  Mach numbers of 2.30, 2.96, 3.96, and 
4.65 throughout an angle-of-attack range from approximately -7' t o  7 O  a t  an angle 
of s ides l ip  of 0'. The Reynolds number f o r  t he  tes t  w a s  2 x 106 per  foot .  

The r e s u l t s  of t h e  inves t iga t ion  indicated regions of i n s t a b i l i t y  f o r  t h e  
configuration with s m a l l  f i n s .  However, t h e  configuration with large f i n s  and 
both with and without t h e  f a i r i n g  r ings provided a sa t i s f ac to ry  margin of s ta 
b i l i t y  throughout t h e  Mach number range of t h e  invest igat ion.  

INTRODUCTION 

The model t e s t ed  represents t h e  t h i r d  and four th  stages of t he  spacecraft
orientation-control-system (SOCS) launch vehicle.  The nose consisted of a cone 
with a hemispherical nose and a short  cylinder with length and diameter equal t o  
t h e  diameter of t h e  fourth-stage propulsion un i t .  A t  t he  a f t  end of t h e  nose 
there  i s  a despin mechanism which i s  covered during atmospheric e x i t  by a 
f a i r i n g  consis t ing of a port ion of a torus  along with s m a l l  pyramidal f a i r ings .  
The present invest igat ion w a s  conducted t o  determine t h e  e f f ec t  of two versions 
of t h e  f a i r i n g  shape f o r  t h e  despin mechanism on the  longi tudinal  s t a b i l i t y  and 
t o  d e t e d n e  the  f i n  s i z e  required t o  provide a s t a t i c a l l y  s t ab le  e x i t  configu
ra t ion .  The invest igat ion was made on a 0.20-scale model i n  t h e  Langley Unitary 
Plan  wind tunnel  a t  Mach numbers from 2.30 t o  4.65. Results of t h i s  investiga
t i o n  are presented without analysis .  

All coef f ic ien ts  are re fer red  t o  t h e  body system of axes shown i n  figure 1. 
The reference center  f o r  t h e  center  of pressure and t h e  pitching-moment coeff i 
c i en t s  i s  located 6.565 base diameters ahead of t h e  base of t h e  model. The 



coeff ic ients  a re  based on the  cross-sectional area and dlameter of the model 
th f rd  stage. 

A cross-sectional area of' model th i rd  stage, 0.03918 sq ft 

axial-force coeff ic ient ,  Axial force 
CA SA 

CIIl pitching-moment coeff ic ient ,  Pitching moment 
sAd 

0 6Cm 
Gma s t a b i l i t y  parameter a t  a = 0 , -

h 

CN normal-force coeff ic ient ,  M o r m a l  force 
4A 

", normal-force-effectiveness parameter a t  a = oO, 	 
& 

d reference length (diameter of' model t h i r d  s tage) ,  3.294 in .  

M Mach number 

Q free-stream dynamic pressure 

5 center-of-pressure location i n  body diameters, posi t ive 
d upstream 

a angle OF at tack,  deg 

MODEXS ANI) APPARATUS 

Details o f  t he  body and the s m a l l  and large f a i r i n g  rings a re  presented i n  
figure 2(a), and details of t he  small and large f ins  are sham in figure 2 (b). 
The model w a s  machined from so l id  aluminum and was supported i n  the tunnel by a 
s t ing  and an in t e rna l  strain-gage balance. 

TESTS 

T e s t s  were made a t  angles of a t tack  from about - 7 O  t o  70 a t  an angle of side
s l i p  of Oo and a t  Mach numbers of 2-30,  2.96, 3.96, and 4-65. The configurations 
tes ted  included the  body w i t h  and without e i t h e r  of two f i n  sizes and either of 
two ?air ing rings. A t r ans i t i on  s t z i p  consi.lsting of No.  80 sand grai.ns was  
locate9 1 inch aft of  the nose of the model. The test Reynolds number was 
2 X loo per foot  for all Mach numbers of the investigation. 
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CORRECTIONS AM) ACCXRACY 

The angles of attack have been corrected for  the f l o w  angularity which exists 
i n  the ver t ical  plane of the t e s t  section and the deflection of the balance-sting 
combination under load. No base-pressure correction t o  the forces has been made. 
The accuracies of the data are estimated to be: 

I 
CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XI.02 
cA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 1 . 0 0 5  
cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +o .05 

PRESENTATION OF RESULTS 

Typical schlieren photographs of the model and f l o w  f i e ld  are presented i n  
figure 3 .  The basic t e s t  results of the investigation of the longitudinal sta
b i l i t y  characteristics of the third and fourth stages of  the SOCS launch vehicle 
with a cone-cylinder nose are presented i n  figure 4. Some results are summarized 
i n  figure 5. An outline of the data figures i s  as follows: 

Aerodynamic characteristics i n  pitch for: 

Figure 

Body alone . . . . . . . . . . . . .  . . . . .  . . . .  . . . .  
Body with small ring . . . . . . . .  . . . . .  . . . .  . * . .  
Body with large ring . . . . . . . .  . . . . .  . . . .  . . . .  
Body with small f ins  . . . . . . . .  . . . . .  . . . .  . . . .  
Body with large f ins  . . . . . . . .  . . . . .  . . . .  . . . .  
Body with small ring and large f ins  . . . . .  . . . .  . . . .  
Body with large ring and small f ins  . . . . .  . . . .  . . . .  
Body with large ring and large f ins  . . . . .  . . . .  . . . .  
Variation of longitudinal parameters with Mach number . . . .  

SUMMARY OF RESULTS 

A detailed discussion of results obtained i n  the investigation of the longi
tudinal s tabi l i ty  characteristics of the f ina l  t w o  stages of the four-stage SOCS 
launch vehicle has been omitted. However, the following general observations 
concerning the results of the present investigation are made. 

The presence of the fairing rings had l i t t l e  effect on the longitudinal 
parameters Cma and ma (fig. 5(b)), althoughthe addition of the rings did 
cause some increase i n  axial-force coefficient (fig. 4). The addition of the 
fins,  of course, provides a substantial increment-in 

cNa 
and C

% 
that  

increases as the f i n  s i z e  i s  increased.. (See f ig .  5(b).) 
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A comparison of the center-of-pressure locations obtained from the tunnel 
tests with the predicted flight center-of-gravity locations for the SOCS launch 
vehicle (fig. 5(a)) indicates positive stability for the small-fin configurations 
up to about M = 3.8, above which the configuration becomes essentially neutrally 
stable with the small ring on or unstable with the large ring on. The configura
tion with the large fins provides a satisfactory margirA of stability throughout 
the Mach number range of the investigation both with and without the fairing 
rings. 

The large change in axial-force coefficient with Mach number for all the 

configurations (fig. 4) is due in part to the lack of base-pressure correction. 


Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., November 5 ,  1963. 
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Figure 1.-System of axes. Positive directions a re  indicated by arrows. 
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( a )  Body and ring de ta i l s .  


Figure 2.- Details of models. (Dimensions a re  i n  inches unless otherwise noted.) 
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Figure 2.- Concluded. 
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M = 2.30 

M = 2.96 

M '= 3.96 

M = 4.65 

(a) ring ana large fins. E63-9242 

-

Figure 3.- Schlieren photographs with a = Oo. ~ 
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( a )  BO* alone. 

Figure 4.- Aerodynamic characteristics in pitch for various configurations. 
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(b) Body with s m a l l  r ing.  

Figure 4.- Continued. 
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( c )  Body with l a rge  ring. 

Figure 4.- Continued. 
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(d) B o d y  with s m a l l  f i n s .  

Figure 4.- Continued. 
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( e )  Body with large f i n s .  

Figure 4.- Continued. 

I 




cm I 

- ,  

2. 

1 .I 

1.: 


. I  

1 

CN 


- 1 

- . I  

-1.; 


- l . C  

-2.( 
-6  -3 -2 -1  

1 .o 

9 


8 


C A 
7 

6 


.5 


2 3 4 5 6 7 8 


( f )  Body with small r ing  and l a rge  f i n s .  

Figure 4.- Continued. 
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(g) Body with large ring and small fins. 

Figure 4.- Continued. 
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(h) Body with large r i n g  and la rge  fins.  

Figure 4.- Conclded. 
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(a) Comparison of center of pressure with predicted f l i g h t  center of gravity.  

Figm:e 5.- Summary of aerodynamic cha rac t e r i s t i c s  i n  p i t ch  for various configurations. 
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(b) Variation of stability parameter C% and normal-force-effectiveness parameter CN, with Mach 
number. 

Figure 5.- Concluded. 


NASA-Langley, 1964 ~ 3 0 8 6  




